Acanthamoeba, human pathogens and natural hosts of pathogenic bacteria, may be accurately detected and quantified by real-time PCR if Acanthamoeba DNA are properly extracted and PCR inhibitors are effectively eliminated. However, the optimization of DNA extraction methods has not been reported for Acanthamoeba. This study compared the effectiveness of two DNA extraction/purification methods (FastDNA w Spin Kit for soil and Wizard w SV genomic DNA Purification System) by using trophozoites and cysts of Acanthamoeba castellanii and water and biofilm samples of cooling towers. DNA of A. castellanii extracted with the FastDNA w Kit and quantified by TaqMan PCR resulted in a lower variation (CV of Ct , 3%), greater linearity (R 2 ¼ 0.99), and higher slopes (1.177-1.187 log fg DNA/log cell number) as compared to that by the Wizard w Kit. For field testing, the number of Acanthamoeba-positive samples and the Acanthamoeba DNA quantity were both greater with the FastDNA w Kit than with the Wizard w Kit (P ¼ 0.016 and ,0.0001, respectively). Beneficial effects with dilutions of extracted DNA were also revealed with the FastDNA w Kit (P ¼ 0.0003). In conclusion, DNA extraction by the FastDNA w Kit coupled with dilution of extracted DNA and PCR analysis are recommended for detecting and quantifying environmental Acanthamoeba.
INTRODUCTION
Acanthamoeba are free-living amoebae (FLA) found worldwide (Mergeryan 1991) in two distinct physiological stages: metabolically active trophozoite and resting cyst. They have been isolated from many countries, e.g. rivers, soils, and lakes in Bulgaria (Tsvetkova et al. 2004) , tap water sources in Japan (Edagawa et al. 2009 ), cooling towers in Belgium , thermal spas in Spain (Penas-Ares et al.
nature of the conventional quantification method with serial dilution of samples, amoebic culture seeded with bacteria, and subsequent most-probable-number (MPN) calculations (Rodriguez-Zaragoza 1994; Behets et al. 2007) . Such MPN method is time-consuming, labor-intensive, and incapable of identifying amoebae failed to grow at given culture condition (Riviere et al. 2006) . On the other hand, molecular analysis of nucleic acids using real-time quantitative polymerase chain reaction (real-time qPCR) may reduce time demand, detect non-culturable cells, and quantify Acanthamoeba by personnel without excellent expertise in recognizing morphological features of acanthamoebae.
However, to quantify environmental Acanthamoeba by real-time qPCR, it should be noted that biochemical components present in environmental substrates (Wilson 1997 ) may affect the efficiencies of DNA extraction methods (Lloyd-Jones & Hunter 2001) . Besides, PCR inhibitors rich in field samples, such as humic substances and fulvic acid, could be coextracted with DNA and interfere with subsequent PCR amplification (Wilson 1997) . As the accuracy of microbial quantification by real-time qPCR is mainly dependent on the quality and quantity of extracted DNA, the interferences of environmental biochemical substances and PCR inhibitors on the efficiencies of DNA extraction and PCR amplification should be concerned. Nevertheless, to our knowledge, the optimization of DNA extraction methods has not been reported for Acanthamoeba.
In this study, the performance of two commercial DNA extraction methods, i.e. FastDNA w Spin Kit for soil and Wizard w SV genomic DNA Purification System, were evaluated with trophozoites and cysts of A. castellanii.
Both of the extraction methods have been applied to environmental samples (Kuiper et al. 2006; Novikova et al. 2006 ) and recently used in protozoan cells (Jiang et al. 2005; Kuiper et al. 2006; Riviere et al. 2006; Ofer et al. 2008) ; however, their extraction efficiencies have not been simultaneously assessed yet. In addition to testing with A. castellanii, biofilms and water samples were also collected from cooling towers to evaluate the applicability of these two DNA extraction methods based on the number of Acanthamoeba-postive samples and the PCR-determined DNA quantity of Acanthamoeba.
The effectiveness of anti-PCR inhibition by DNA dilution treatment was also assessed.
METHODS

Strains of Acanthamoeba and culture conditions
A. castellanii (ATCC 30234) trophozoites were axenically cultivated at 258C for 3 days in proteose-yeast-glucose medium (ATCC 712 medium). As for cysts, 3-day amoebic cultures were harvested by centrifugation at 200 £ g for 8 min. The cell pellet was resuspended in 10 ml of encystment medium (0.1 M KCl, 0.02 M Tris-HCl, 8 mM MgSO 4 , 0.4 mM CaCl 2 , 1 mM NaHCO 3 ), followed by incubation at 258C for 10 days (Riviere et al. 2006) . No cyst in proteose-yeast-glucose medium and no trophozoite in the encystment medium were confirmed by microscopically examining all fields of the sample transferred onto a hemocytometer (Marienfeld, Germany).
Cell and DNA dilution series
Trophozoites and cysts of A. castellanii were centrifuged at 200 £ g for 8 min and at 2,000 £ g for 5 min, respectively.
Cell pellets were resuspended in 2 ml sterile Page's Amoeba Saline (PAS; 120 mg NaCl, 4 mg MgSO 4 ·7H 2 O, 4 mg CaCl 2 , 142 mg Na 2 HPO 4 , and 136 mg KH 2 PO 4 in 1 L ultrapure water), counted by a hemocytometer (Marienfeld), and serially diluted with PAS. An aliquot (100 ml) of trophozoites and cysts from each of the dilutions was added to 200 ml PAS, followed by filtration over a RTTP Isopore membrane (1.2 mm pore size, Millipore, USA) in a vacuum # 0.3 £ 10 5 Pa to obtain 3 -2.5 £ 10 6 cells/filter. The filtration step added was due to the consideration of environmental water samples that might contain a low amount of cells. In addition to these cell-based diluted samples, serial dilutions of the DNA extracted from the filters containing 2.5 £ 10 6 cells were also prepared (DNA extraction assays indicated below). (Riviere et al. 2006) . The extracted DNA was quantified with a spectrophotometer (Shimadzu, Japan) and analyzed by realtime qPCR described below. We observed that DNA purified by a microcentrifuge resulted in higher concentration of extracted DNA (53.5 mg/ml) and lower mean value of cycle threshold (Ct) (13.3) by real-time qPCR compared to that of the vacuum method (22 mg/ml and 15.5, respectively) (data not shown). Thus, the microcentrifuge method was adopted in this study.
DNA extraction
DNA purity
DNA extracted by MP and Promega from the filters containing 2.5 £ 10 6 trophozoites or cysts of A. castellanii were diluted with TE buffer. The absorbance recorded at 260 nm and 280 nm by a spectrophotometer (Shimadzu) was used to calculate an A 260 /A 280 ratio, an indicator of DNA purity (Kim et al. 2005) . The experiments were performed in triplicate. The standard curves were further constructed from the dilutions of A. castellanii cells as "log DNA quantity vs log cell number". The R 2 value was determined from the standard curves and the detection limit was regarded as the lowest cell count at R 2 $ 0.99.
Real-time qPCR
Cooling tower samples
Water, substrate-associated biofilm (SB) from the surface of water basins, and floating biofilm (FB) at liquid-air interface were collected from three cooling towers primarily following the sampling methods described by Declerck 
RESULTS AND DISCUSSION
DNA purity
The DNA purity of A. castellanii retained on filters and extracted by MP, presented as the mean (^SD) of A 260 /A 280 ratio, was 1.79 (^0.04) and 1.72 (^0.05) for trophozoites and cysts, respectively. The respective DNA purity extracted by Promega was 1.86 (^0.05) and 1.97 (^0.02) (data not shown). Kim et al. (2005) reported that A 260 /A 280 value for purified DNA lies between 1.8 and 2.
Clark & Christopher (2000) indicated A 260 /A 280 ratio for pure DNA is near 1.8. Therefore, except for MP-extracted cysts, it appears that no significant amounts of RNA or proteins existed in the DNA extracted by MP or Promega. 
PCR amplification efficiency (E) and standard curve
Cell-based standard curve
The standard curves of DNA quantity and number of A. castellanii (3-2.5 £ 10 6 cells) diluted on cell basis are presented in Figure 3 . For trophozoites (Figure 3(A) ), a good linearity (R 2 ¼ 0.99) was observed for MP-extracted samples, whereas DNA quantity was not perfectly linear with cell number in Promega-treated ones (R 2 ¼ 0.94). CV and the slope of standard curve for MP-and Promegaextracted trophozoites were 0.5-2.9% and 1.177 (MP) and 0.6-5.9% and 0.88 (Promega), respectively. For cysts (Figure 3(B) ), a good linearity (R 2 ¼ 0.99) was revealed regardless of the extraction methods used. CV and the slope were 0.5 -2. The nonlinearity with Promega/qPCR (Figure 3(A) ) was mainly due to the deviation of DNA quantities measured in the samples containing 3 and 30 trophozoites from the linear expectation. In fact, a linear relationship (R 2 ¼ 0.995) was observed with Promega/qPCR for samples containing 300 -2.5 £ 10 6 trophozoites. Similar result could also be found in Riviere et al. (2006) study:
According to their linear equation established at high cell counts (10 3 -10 6 trophozoites), the Ct value for the sample containing 10 trophozoites would expect to be 33.8; however, the measured mean Ct value was around 31 (Riviere et al. 2006) . Their result and our finding support the presence of nonlinearity for trophozoites extracted by Promega kit. However, the reason for this nonlinearity occurred at low trophozoite counts remains unsolved; future investigation is warranted.
According to the linear equations of MP-extracted samples shown in Figure 3 , the DNA quantity of trophozoites was approximately twice that of cysts, in agreement with the finding by Riviere et al. (2006) . This could be due to the variation in DNA content during the growth cycle of protozoa (Galluzzi et al. 2004) or different extraction efficiencies between trophozoites and cysts.
Acanthamoeba in cooling tower samples Table 1 shows that the number of Acanthamoeba-positive samples was greater in MP-extracted ones than in those with Promega for water (9/12 vs 4/12) and SB samples (10/15 vs 5/15), whereas they were the same (5/9) for FB samples. For each of the DNA dilution folds, the number of PCR-positive samples by MP extraction was also greater than or equal to that by Promega in water and SB samples.
In overall, the detection rate of Acanthamoeba by MP was statistically higher than that by Promega (P ¼ 0.016).
For PCR-positive water samples (Figure 4(A) ), the mean quantity of Acanthamoeba DNA determined by MP/qPCR was greater than that by Promega/qPCR regardless of DNA dilution folds. For SB (Figure 4(B) ) and FB (Figure 4(C) ), MP-extracted and diluted samples also resulted in a higher mean of Acanthamoeba DNA quantity than those extracted by Promega. Results of statistical analysis on cooling tower data showed that DNA quantity of Acanthamoeba determined by MP/qPCR was statistically greater than that by Promega/qPCR (P , 0.0001), particularly in water (P ¼ 0.02) and SB samples (P ¼ 0.016). Table 1 and Figure 4 Dilution effects on anti-PCR inhibition Figure 4 also shows that the mean of DNA quantity was increased in MP-extracted and diluted samples by 0.9 -2.2 log fg, 0.5-1.5 log fg, and 0.9 -1.2 log fg for water, SB and FB, respectively, as compared to undiluted ones.
Results shown in
For Promega-extracted samples, the respective increases in mean DNA quantity were 0.5-0.9 log fg, 0.2-0.7 log fg, and 0.2-0.5 log fg, which were less than those by MP.
The dilution treatment significantly increased the DNA quantity of Acanthamoeba determined by MP/qPCR (P ¼ 0.003), whereas no statistical significance was observed for Promega/qPCR-analyzed ones.
The finding that less DNA quantities were measured in undiluted DNA than diluted DNA indicated that water and biofilms in cooling towers were rich in PCR inhibitors, e.g. humic substances known as the most commonly reported inhibitors in water, sediments, and soils (Wilson 1997 
